D-aminoacyl-tRNA deacylase (DTD) acts on achiral glycine, in addition to D-amino acids, 11 attached to tRNA. We have recently shown that this activity enables DTD to clear non-cognate 12 Gly-tRNA Ala with 1000-fold higher efficiency than its activity on Gly-tRNA Gly , indicating 13 tRNA-based modulation of DTD (Pawar et al., 2017). Here, we show that tRNA's 14 discriminator base predominantly accounts for this activity difference and is the key to 15 selection by DTD. Accordingly, the uracil discriminator base, serving as a negative 16 determinant, prevents Gly-tRNA Gly misediting by DTD and this protection is augmented by 17 EF-Tu. Intriguingly, eukaryotic DTD has inverted discriminator base specificity and uses only 18 G3•U70 for tRNA Gly/Ala discrimination. Moreover, DTD prevents alanine-to-glycine 19 misincorporation in proteins rather than only recycling mischarged tRNA Ala . Overall, the study 20 reveals the unique co-evolution of DTD and discriminator base, "reciprocally" in Bacteria and 21 Eukarya, and suggests DTD's strong selection pressure on bacterial tRNA Gly s to retain a 22 pyrimidine discriminator code. 23 24 Quality control during translation of the genetic code involves multiple stages and a multitude 25 of proofreading factors (Guo and Schimmel, 2012; Ibba and Söll, 2000; Ogle and 26 Ramakrishnan, 2005). A compromise in editing leads to serious pathologies including 27 neurodegeneration in mouse, and even cell death (Bacher et al., 2005; Bullwinkle et al., 2014; 28 Karkhanis et al., 2007; Korencic et al., 2004; Lee et al., 2006; Liu et al., 2014; Lu et al., 29 2014; Moghal et al., 2016; Nangle et al., 2002; Roy et al., 2004). Among these proofreading 30 factors, D-aminoacyl-tRNA deacylase (DTD) is the one that specifically decouples wrongly 31 acylated D-amino acids from tRNAs (Calendar and Berg, 1967; Soutourina et al., 1999, 32 2000). Our studies have shown that DTD is an RNA-based catalyst that uses an invariant Gly-33 cisPro motif as a "chiral selectivity filter" to achieve substrate chiral specificity only through 34 rejection of L-amino acid from the active site, thereby leading to Gly-tRNA Gly misediting 35 (Ahmad et al., 2013; Routh et al., 2016; Routh and Sankaranarayanan, 2017). Recently, 36
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assays revealed that MmDTD acts on Gly-(Mm)tRNA Gly and Gly-(Mm)tRNA Ala at 100 nM 150 and 10 nM, respectively (Figure 3c,d; Supplementary table 1) . These results clearly show 151 that G3•U70 recognition by DTD is conserved even in Eukarya, contributing about 10-fold 152 discrimination between eukaryotic tRNA Gly and tRNA Ala . They also demonstrate that G3•U70 153 is the only available tRNA element that enables distinction between eukaryotic tRNA Gly and 154 tRNA Ala by eukaryotic DTD. These findings further suggest that other mechanisms are possibly 155 operating in eukaryotes to enhance the discrimination between Gly-tRNA Gly and Gly-tRNA Ala , 156 as discussed later.
157
Eukaryotic DTD has inverted N73 specificity 158 The lack of N73 difference in eukaryotic tRNA Gly and tRNA Ala further prompted us to 159 investigate whether eukaryotic DTD has lost the specificity for N73. To probe the N73 effect 160 on eukaryotic DTD, we performed biochemical assays using MmDTD and Gly-(Ec)tRNA Gly . 161 MmDTD acts on U73-containing wild-type Gly-(Ec)tRNA Gly at a concentration of 100 pM 162 while it acts on Gly-(Ec)tRNA Gly (U73A) mutant with comparable efficiency at a concentration 163 of 10 nM, thus displaying a 100-fold reduction in activity compared to the wild-type substrate 164 (Figure 3e,f) . The data indicate that N73 does affect eukaryotic DTD but the 165 specificity/preference has switched from purine to pyrimidine. Therefore, eukaryotic DTD is 166 equally modulated by N73 like its bacterial counterpart, but has inverted N73 specificity, i.e.
167
bacterial DTD prefers purine while eukaryotic DTD prefers pyrimidine as N73; this provides 168 a rationale as to why a mild overexpression of eukaryotic DTD from Plasmodium falciparum 169 (PfDTD; eukaryotic DTD) creates more cellular toxicity when compared to that of EcDTD 170 (Routh et al., 2016). These findings clearly establish that eukaryotic DTD has also co-evolved 171 with N73 like bacterial DTD, thereby helping to relieve the selection pressure of keeping 172 U/C73 in eukaryotic tRNA Gly , as further explained later. Nevertheless, since none of the 173 U/C73-containing eukaryotic tRNAs (Figure 1c ) is known to be mischarged with glycine or 174 corresponding D-amino acids, the physiological consequence of this switch in N73 specificity 175 remains to be elucidated. conjunction with the current day discriminator code usage (Figure 1c) clearly demonstrate that 260 a stronger selection pressure is required to deviate from a purine-based discriminator code.
261
Therefore, it was striking that the tRNA coding for an amino acid which is achiral, having no 262 side chain and of primordial origin is the only bacterial tRNA containing U73 which remained 263 a major anomaly to the discriminator code. The current study has elucidated this hitherto 264 unexplained case of bacterial tRNA Gly , wherein the evolutionary selection pressure exerted by 265 DTD for retention of U73 appears stronger than that exerted by any of the other aforesaid 266 factors. It also suggests that eukaryotes have evolved mechanisms that helped in relieving the 267 selection pressure of keeping U73 in tRNA Gly , and eukaryotic DTD has co-evolved to switch 268 its N73 specificity accordingly.
269
Taken together, the present work has added a new dimension to DTD's substrate selectivity, 270 highlighting the role of two key tRNA elements, namely N73 and the G3•U70 wobble base 271 pair. In this respect, it would be interesting to probe the mechanistic underpinnings for DTD's 272 recognition mode using both bacterial and eukaryotic systems to help us understand the 273 underlying cause of switch in N73 specificity. Furthermore, the current study has underscored 274 the physiological importance of N73 dichotomy in tRNA Gly and tRNA Ala that maintains 275 "glycine fidelity" during translation of the genetic code in Bacteria by preventing misediting 276 of Gly-tRNA Gly as well as misincorporation of glycine in proteins (Figure 4d) . In the latter 277 context, therefore, DTD is not just a recycler of Gly-tRNA Ala , unlike its role in recycling D-aminoacyl-tRNAs (Soutourina et al., 2004) . The work has brought to the fore the evolutionary 279 selection pressure that the chiral proofreading enzyme has exerted on bacterial tRNA Gly to 280 retain U73. In the primordial scenario, U73 could have been the only factor that ensured 281 utilization of glycine for protein synthesis by precluding the unwarranted activity of DTD-like 282 factor. Our findings have also revealed the co-evolution of eukaryotic DTD via switching of 283 N73 specificity as this selection pressure was released through unknown mechanisms during 284 the 1.5 billion years of evolutionary transition from bacteria to eukaryotes. The study has 285 therefore brought to limelight the deviations that occur in the usage of discriminator base-286 rare choices of pyrimidine instead of purine-in tRNAs across all life forms, and the need to 287 probe the physiological necessity to deviate from it (Figure 1c, 4d) . Considering the possibility 288 that the early tRNAs operated using an acceptor stem-based "second genetic code" or with The prokaryotic tRNA sequences were analyzed using the tRNADB-CE (Abe et al., 2014) . 370 The numbers were derived using advance pattern search option, wherein anticodon sequence 371 and the 73 NCCA 76 were used as the search parameters and the rest were set to default. While 372 eukaryotic tRNAs were retrieved from GtRNAdb (http://gtrnadb.ucsc.edu/), only those 373 sequences whose tRNA-scan score is above 50 were considered for analysis. The consensus 
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In the case of tRNA Thr , U73 and A73 together represent >90% frequency of occurrence; A/U 525 in Bacteria implies A73 is more abundant than U73, whereas U/A in Eukarya denotes U73 is 526 more abundant than A73. Amino acids are color-coded on the basis of the class to which the 527 corresponding synthetases belong: yellow, class I; blue, class II; orange, both class I and II.
528
Discriminator base color-coded as follows: green, purine (A or G); red, pyrimidine (U or C); 529 grey, purine and pyrimidine (A/U or U/A). leads to depletion of Gly-tRNA Gly while the inactive mutant of DTD (A112F) has no effect.
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Tris pH 9 is used as deacylation control. mediated apparent deacylation rates (kobs) of Gly-tRNA Gly , its mutants and Gly-tRNA Ala . The 571 ratio kobs/ [Enzyme] gives the apparent deacylation efficiency of the enzyme.
572
* kobs are calculated from deacylation curves of Figure 2. 
